A rapid and easy method for extracting features from spectra obtained from Fourier transform near-infrared (FT-NIR) reflectance spectroscopy was examined by using the 1 st and 2 nd derivatives and Spearman's rank correlation. This method can select features from the overall wavelength. Therefore, this method can be considered suitable for the quality estimation of foods. Practically, a set of ranked green tea samples from a Japanese commercial tea contest were analyzed by FT-NIR in order to create a reliable quality-prediction model. The 2 nd derivative was determined for reducing noise and amplifying the fundamental features. Feature selection from the amplified data was performed using relations between the tea ranks and the derivative coefficients. Finally, a reliable quality-prediction model of green tea was formulated by using single linear and PLS regressions. Furthermore, we discuss possibility of the derivative coefficients as feature representation in FT-NIR.
Introduction
Quality assurance of herbal materials is a major challenge in phytopharmaceutical and food industries because their contents of active constituents vary according to a wide range of factors, namely, species, location of growth, climate, age and harvesting season, storage conditions, and production process [1] . The tea plant (Camellia sinensis) is a species of tree related to the genus camellia. Green tea is often referred to as a type of non-fermented or unfermented tea. The production of green tea mainly comprises of five processes, namely, withering, steaming, rolling, drying, and sorting; these processes are automated by using green tea processing machines, although the conditions of these processes are determined by an expert. Thus, the production process and growth of tea plants is reflected in the quality of green tea, where the ranking of teas is determined by the total scores of the sensory tests, which include the leaf's appearance, smell, and color of the brew and its taste, by professional tea tasters. By 2005, 650 compounds have been reported in green tea as its constituents, and a mixture of these components reflects the global characterization of the quality grade of green tea. Near-infrared (NIR) spectroscopy can yield a very accurate global characterization of these samples. Therefore, we try to develop a chemometrics approach to estimate the grade of Japanese green tea based on Fourier transform NIR (FT-NIR) spectroscopy.
NIR spectroscopy has important advantages: it allows the nondestructive analysis of solid samples, requires very little or no sample preparation, and enables extremely fast analysis [2] . Furthermore, NIR spectroscopy has already demonstrated its ability to determine different types or species of herbal drugs to screen for their geographical origins or to quantify marker substances. It has been utilized for food authentication in coffee beans [3, 4] , wheat flour [5] , Basmati rice [6] , and orange juice [7] , as well as monitoring the quality of food such as rennet coagulation in cow's milk [8, 9] , modifications occurring in delactosed milk during its shelf life [10] , juice degrees Brix in pineapple and fresh dry matter in mango [11] , ethanol in wines [12] , hydroperoxides in fats and oils [13] , and a Swedish yogurt-like sour milk [14] . Furthermore, it can be applied for examining food adulteration such as the adulteration of orange juice [15] . Thus, NIR spectroscopy can reveal a very accurate global property of the samples characterized by overtone and combination bands of fundamental vibrations in molecules in food samples.
The tea ranks belong to ordinal measurement, that is, the numbers assigned to objects represent the rank order (1st, 2nd, 3rd etc.) of the entities measured. On the other hand, FT-NIR measurements belong to real numbers and the differences of the numbers assigned to objects can be meaningfully compared. Estimation of tea ranks by FT data corresponds to the problem of assigning ordinal ranks based on real number measurements. In general, Pearson correlation is utilized to estimate relation between objects represented by real number measurements. On the other hand, Spearman's rank correlation was derived to estimate relation between objects based on ordinal measurements. In case of estimation of correlation between objects represented by ordinal measurements and real number measurements, the later should be transformed into ordinal measurements. The purpose of the present study is to develop a method to estimate the tea grade by FT-NIR spectra. To attain this, we propose a combined methodology consisting of feature representation by derivative coefficients, feature selection based on Spearman's rank correlation between the tea grade represented by ordinal measurement and FT-NIR data represented by real numbers and model construction by single linear regression and partial least square (PLS) regression. Furthermore we discuss why feature representation by derivative coefficients in FT-NIR is effective to estimate the grade of green tea.
Methods

Experimental Section
Sample Preparation for FT-NIR Analysis
The tea samples were obtained from the tea branches of the Nara Prefecture Agricultural Experiment Station. Professional tea tasters determined the ranking of teas based on the total scores (200 points full marks) of the sensory tests: leaf appearance (30 points), smell (70 points), color of the brew (30 points), and its taste (70 points). First, the leaf appearance was evaluated by 41 tea tasters. After that, the smell, color of the brew, and its taste were evaluated by different tea tasters at the same time. The smell was evaluated by 10 tea tasters. The color was evaluated by 9 tea tasters. The taste was evaluated by 9 tea tasters. The ranks of all tea samples were determined from 1 (corresponding to the highest quality) to 64 (the lowest quality). Of them, we selected samples satisfying the condition that sufficient quantity of samples can be obtained for iterative experiments and the resolution of ranks for tea samples should be equivalent for constructing non-biased model equations
Step 1: Data Preprocessing
Standard normal variate (SNV) transformation
Step 2: Feature Representation 1 st and 2 nd derivative coefficients for NIR spectra to assess tea rank by FT-NIR spectra. As a result, 13 tea samples (4, 8, 14, 18, 24, 28, 34, 38, 44, 48, 54 , 58, and 64) were tentatively selected.
A problem to overcome in sample preparation using leaves in FT-NIR is to remove the fluctuation of charges in the measurement angle, though NIR allows the nondestructive analysis of solid samples. This fluctuation was thought to be caused by heterogeneity of powder samples. It is reported that adding some solvent such as glycerol, hexane and acetonitrile to the powder samples of leaves to make paste has the effect of removing the fluctuation [16] . In the present study, we adopted this preparation, that is, dried tea leaves (200 mg) in 2-mL Eppendorf tubes were ground with a Retsch ball mill (20 Hz, 10 min) and glycerol was added (600 μL). The mixture was homogenized with a ball mill again (20 Hz, 10 min). Subsequently, samples were transferred to individual 2-mL glass vials.
FT-NIR Measurements
Diffuse reflectance spectra of tea samples were measured using a NICOLET 6700 FT-IR (Thermo Electron K.K, Kanagawa, Japan) equipped with a Smart Near-IR UpDRIFT, a CaF2 Beamsplitter and a cooled InGaAs detector. For each sample, a diffuse reflectance spectrum was measured three times. The FT-NIR spectra were recorded from 10000 to 4000 cm -1 at intervals of 3.857 cm -1 . The mirror velocity was 1.2659 cm s -1 , and the resolution was 8 cm -1 . The total number of data points was 1557 for each spectrum. Figure 1 shows schematic diagram to evaluate the grade of tea by FT-NIR spectra which consists of mainly 4 steps: data preprocessing by SNV transformation of the spectra, feature representation by 1 st and 2 nd derivative coefficients for NIR spectra, and feature selection based on Spearman's rank correlation, and calibration model construction by simple linear regression and PLS regression.
Data Analysis
In NIR spectroscopy, the multiplicative combination of the nonspecific scatter of radiation at particle surfaces, the physical nature of the size of the sample particles, and variable spectral path length through the sample influences the variation of measurements of NIR for the individual samples. Mathematical transformations are required to use the FT-NIR data for qualitative analysis. Firstly, in data preprocessing (Step 1 in Fig.1 ), absorbances (log 1/R) of FT-NIR were transformed by Standard normal variates (SNV) which is reported to have effect of decreasing the fluctuation of absorbance (log 1/R) [1, 17, 18] . Transformation of absorbance to standard normal variate is represented by Eq. (1).
where x' i (s j ) represents the absorbance log 1/R of s i th wavelength (j = 1,2,…,n) for jth measurements and n is the total number of channels of wavelength. i x' is the
It is well known that the first and second derivative transformations remove the baseline shifts and bias included in FT-NIR spectra [1, 18] . So, the first and second derivatives of the spectra represented by SNV were calculated by Savitzky-Golay method (Step 2) [19] , The kth derivative coefficient of is denoted by
In Step 3, wavelengths associated with the tea ranking were selected by spearman's rank correlations. The Spearman's rank correlation coefficient does not require the assumption that the relationship between the variables is linear: it also does not require the variables to be measured at interval scales [20] . It can be used for the variables measured at ordinal levels. To calculate spearman's rank correlation between wavelength s j and the tea ranking, all samples are sorted in ascending order in x (k) (s j ) for s j th wavelength. The order is represented by 
where r(s j ) is the Spearman's rank correlation coefficient between absorbance s j and the tea ranking (y i ), the sample number is denoted by N, and the number of derivation is represented by a superscript k.
For formulating the prediction model, simple linear regression and the partial least-squares (PLS) technique were employed (Step 4). PLS calibration models were developed using the tea rank data and the derivative 
Results and discussion
Feature Selection
The NIR region contains band that often overlap, making it difficult to extract spectral parameter of the individual bands. Chemometrics can provide a way of overcoming those problems by means of empirical models relating multiple spectral intensities to some properties in samples such as quality of foods. Figure 2 shows Spearman's correlation coefficients between individual wavelengths and the tea grade for 0 th to 2 nd derivatives. In the whole region, wavelengths for 2 nd derivative are highly correlated with the tea rank in comparison to 0 th and 1 st derivatives. Wavelengths larger than 0.9 in absolute value of Spearman's correlation were selected for 0 th to 2 nd derivatives. Significant correlations could not be obtained in the 0 th and 1 st derivatives. On the other hand, 10 wavelengths are significantly correlated with the tea grade, that is, 1820.7 nm, 1821.9 nm, 1823.2 nm, 1824.5 nm, 1846.6 nm, 1847.9 nm, 1858.5 nm, 1881.4 nm, 2420.0 nm, and 2423.0 nm (Figs 2 and 3) . Thus, the region in 1800-1900 nm and 2420 nm is important for assessing the tea grade. Figure 4 shows principal component (PC) projection using the 10 wavelengths in 2 nd derivative. The percent variances of the first and second PCs are 94% and 4%. So most of the variance is represented by PC1. High (corresponding to high rank) and low grades (low rank) of Japanese tea contribute negatively and positively to PC1, respectively. Thus, in 2 nd derivative, most of the variance could be explained by the grade of the tea.
Formulation of prediction models
nd derivative coefficients and the tea ranks, and square of correlation coefficients (R 2 ) between observed and predicted tea ranks using single 2 nd derivative coefficients corresponding to 10 wavelengths. The p-values of the correlation for individual wavelengths indicate statistically significant relation exists between the 2 nd derivative coefficients and the tea ranks, and calibration models using single variates can sufficiently estimate the grade of teas. It is expected that more statistically significant estimation of the grade of teas could be performed by taking into consideration the 2 nd derivative coefficients concerning multiple wavelengths. So, PLS was performed by using wavelengths for which correlation is larger than 0.90 in the second derivative data. By cross validation, the number of significant factors was determined by 4 components of the 2 nd derivatives (Fig. 5 ). Japanese tea grade can be quantified by the 10 wavelengths with sufficient accuracy based on PLS multi-regression model. The R 2 -value for the PLS model (0.98) is almost identical to that for a single regression model with wavelength of 1847.9 nm. Thus, it can be concluded that single variates are enough to estimate the grade of a tea by 2 nd derivative coefficients. Since the grade of Japanese green tea is reflected by more than 650 substances [23] , it is necessary to measure the global properties of the tea. The NIR spectroscopy makes it possible to assess those properties. Information in Table 1 shows that wavelengths in two regions from 1820 to 1900 and from 2420 to 2430 are important for estimation of the grade of the green tea. To examine those properties, we collected several references for the relation of wavelength to chemical properties of mixture (Appendix table [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] ). Spectrum in the region of 1800-1900 nm is associated with degree of unsaturation, and OH stretching and HOH deformation modes of polysaccharides and is reflection of tea grade as a global property.
Derivative coefficients as feature representation in FT-NIR
In the present study, we show that the grade of tea can be explained by the 2 nd derivative coefficients of NIR spectra. NIR spectra include many bands corresponding to overtones and combinations of fundamental vibration for molecules in samples such as hydrogen bonds, CH stretching modes and so on. So, one of the important factors for representing feature description in NIR spectra is the periodic property by the overtones and the combination of fundamental vibration, which means that absorbance I(λ) for wavelength λ is periodically reflected by the absorbance of λ/2, λ/3, …, λ/n. So, absorbance I(λ) should be described by a 
Here, A, a n , and b n are constants.
The first derivative of Eq. (6) has an intrinsic feature including a series of weighting factor 1/n as well as removing baseline effect reflected in constant A (Eq. (7)), which is consistent with the fact that derivative transformation removed baseline shifts [36] . As shown in Eq. (8), a second order weight factor (1/n) 2 contributes to the second derivative, which leads to the fact that several papers have utilized the first and second derivative for feature description of NIR spectra [1, 17, [36] [37] [38] [39] [40] [41] [42] [43] . In general, the 1 st derivative is explained by a simple measure of the slop of the spectral curve at every point, and 2 nd derivative is a measure of the change in the slop of the curve. In addition to those, periodic property included in NIR spectra should be considered to feature representation. In the case of the estimation of the tea rank by NIR spectra, second derivative is more effective than the first derivative, suggesting that a second order weight factor (1/n) 2 may be important for representing the grade of green tea. Furthermore, it is plausible that higher derivatives have also the potential for description of food property. 
Conclusion
The NIR spectra provide information about the chemical and physical properties of the materials including foods [44] . The use of Fourier transform technology in the NIR region has increased the spectral reproducibility and wave number precision in comparison to the results obtained from other techniques. In the present study, we propose a method to estimate the quality ranking of green tea based on the FT-NIR spectroscopy measurements. The derivatives of NIR spectra reduce the noise and amplify the fundamental features. Feature selection from the amplified data is performed by using Spearman correlations which make it possible to model quantitative equation for estimating the grade of Japanese green tea by the absorbance of 10 wavelengths in the region of 1820-1900 nm and 2420-2430 nm. 
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